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Abstract 
Sweet potato (Ipomoea batatas L.) is potential as one of bio-ethanol sources as it had the greatest calculated bio-
ethanol yield per acre. Innovation of suitable improved varieties and cultivation technologies for different agro-
ecological systems  has been available in Indonesia. Three sweet potato varieties with high yield and starch content 
have been released, namely Shiroyutaka, Sukuh and Jago. These three varieties can yield  >30 t fresh tubers per 
hectare with starch content of 22.5 %, 19.0 % and 18.0 %, respectively. Bio-ethanol from sweet potato appear to 
have considerable potential to be used as substitution of gasoline and diesel fuels because it is more potential than 
cassava.  
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1. Introduction  
        During the past five years, Indonesian crude oil production has been declining due to limited natural fossil 
stock. On the other hand, the increase of Indonesian population consequently increases the needs for transportation 
means and enhances the development of industries. As a result, the consumption and demand of national refined fuel 
also raised. In order to meet this domestic fuel demand, the government has to do import with a consequence of 
price subsidy. In terms of decreasing funds for such subsidy, the price of fuel domestic use had to be increased by 
55.5 % [1]. Therefore, the use of alternative energy sources, such as bio-ethanol becomes essential as it can be  
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renewable and environmentally friendly. Bio-ethanol is an excellent alternative motor oil for petrol engine. It can be 
used to substitute 5-10% petroleum without any engine change. However, it has not been fully exploited as formerly 
the price of domestic fuel was cheap and easily available. Nowadays, as the fuel sources are getting scarce and the 
price differences between bio-ethanol and petroleum is getting closed, the use of bio-ethanol is becoming essential. 
Bio-ethanol can be produced from natural rich carbohydrate materials such as corn, sweet potato, cassava, sago, 
sorghum, and sugar cane. Sweet potato (Ipomoea batatas L.) is potential as one of bio-ethanol sources as it had the 
greatest calculated bio-ethanol yield per acre [2]. Sweet potatoes can easily adapted to poor soil condition and have 
strong adaptability to advance natural conditions and also can be cultivated in both lowlands and highlands with a 
wide range of soil conditions. 
       
2. Sweet potato production in Indonesia 
 
        Sweet potato is one of an important root/tuber crops in Indonesia, its growing area and yield rank the fourth 
in the world. The national total harvested areas and production of sweet potato was about  181,073 hectare with 
fresh root yield of 2,051,046 tons in 2010 (Table 1).  
      
Table 1. Harvested areas, productivity and production of  
 sweet potato in Indonesia year 2001-2011 [3]. 
Year Harvested areas Productivity Production 
 Ha Growth 
(%) 
t/ha Growth 
(%) 
Tons 
(x1000) 
Growth 
(%) 
2001 181,02 - 9.7 - 1,749 - 
2002 177,27 2.07 10.0 3.09 1,771 1.29 
2003 197,45 11.36 10.1 1.00 1,991 12.41 
2004 184,54 6.54 10.3 1.98 1,901 4.50 
2005 178,33 3.37 10.4 1.10 1,856 2.36 
2006 176,50 1.03 10.5 0.88 1,854 0.15 
2007 176,93 0.24 10.6 1.51 1,886 1.76 
2008 174,56 1.34 10.7 1.09 1,881 0.27 
2009 183,87 5.34 11.1 3.82 2,057 9.36 
2010 181,07 1.52 11.3 1.21 2,051 0.33 
2011 178,12 1.63 12.3 8.85 2,196 7.07 
Mean 180,88 0.05 10.7 2.45 1,927 2.43 
                   
       Currently the national average productivity was 10.7 t/ha, however with good cultivation techniques the 
average yield can reach 20-30 t/ha. West Java province has the largest growing area of sweet potatoes in Indonesia 
which harvested area of 27.931 hectares, productivity 15.3 t/ha, and total production 429,378 tons in 2010 (Table 2). 
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Table 2. Distribution of harvested area, productivity and  
 production of the highest production of sweet potato  
 province of Indonesia in 2011 [3]. 
Province 
 
Harvested 
areas (ha) 
Productivity 
(t/ha) 
Production 
(ton) 
 
West Java 27.931 15.3 429.378 
Papua 34.413 10.1 348.438 
East Java 14.177 15.3 217.545 
North Sumatera  15.466 12.3 191.104 
Central Java 8.046 19.6 157.972 
East Nusa 
Tenggara 
15.781 8.2 129.728 
West Sumatera 4.348 22.6 98.120 
Bali 5.982 11.6 69.528 
South Sulawesi  5.391 12.4 66.946 
North Sulawesi  4.736 9.8 46.266 
                             
       Therefore, cultivation of sweet potatoes is of great importance to agricultural production and increase of 
farmers’ income in this province. Table 2 shows that the productivity of sweet potato varied among provinces due to 
differences in growing conditions. The highest productivity was achieved in West Sumatera province with  22.6 t/ha 
but it was the seventh ranking of production (98.120 tons) because of less harvested areas. This reflects the potential 
production of sweet potato for raw material supply of bio-ethanol. 
During its growth, it requires less than 1/2 and 1/5 of nitrogen and irrigation water than that required by 
growing rice, but its output (converted into calories) is 50% higher than that of rice and as much as twice of potato. 
Its functions of biological features in food and biological energy have attracted great attention of the industry. West 
Java Province shows favorable conditions for growth of sweet potato industry. But some improvement are needed 
such as  government policies for supporting the growth of the sweet potato industry, to set forth related technical 
specifications, to carry out research and improvement on new post-harvest technology of sweet potato, to improve 
the operational system of enterprises and explore the market volume of products, to do research and development  
better-quality equipments as well as to increase the extraction rate of starch and improve its quality and better food 
criteria, solve the problem of environmental pollution. 
 
3. Innovation of suitable varieties and cultivation  technologies. 
 
Innovation of suitable improved varieties and cultivation technologies for different agro-ecological system in 
Indonesia have been available. Three sweet potato varieties with high yield and starch content have been released, 
namely Shiroyutaka, Sukuh and Jago [4]. These three varieties can yield  >30 ton fresh tubers per hectare with 
starch content of 22.5 %, 19.0 % and 18.0 %, respectively, suggesting high potential source for bio-ethanol 
production.  In addition, the technology for sweet potato cultivation, both traditional and fully mechanization have 
been also studied and can be applied in the field. Table 2 shows the range of sweet potato productivity in central 
producing provinces were between 8.2-22.6 t/ha. These data indicated that under various agro ecosystem (fertile 
soil, marginal soil with irrigated or non irrigated) and cultivation technologies and using different varieties, the yield 
of 22.6 t/ha could be achieved. Through improving cultivation technologies and using high productivity sweet 
potato varieties, fresh root yield can be increased to >30 t/ha under upland condition and >35 t/ha under irrigation 
system.   
Using high starch content varieties such as Shiroyutaka, Sukuh and Jago, at least 6.0 kL of ethanol per 
hectare can be achieved through 30 t/ha fresh root yield and 20% starch content. The use of sweet potato for bio-
ethanol production is more beneficial relative to cassava due to lower production costs as it can be harvested 
mechanically and has shorter harvesting time (4-5 months) compared to cassava (10 months), while the starch 
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contents are not much different. 
 
4. Bio-ethanol production of sweet potato compared to other crops 
 
Sweet potato has a starch content of 22.4% which could be converted to sugar through hydrolysis process 
and 5-6% sugar for a total of 27-28% fermentable sugar to yield ethanol. Sweet potato averagely yields carbohydrate 
higher than cassava and corn, up to 80%. Hydrolysis of its starch into sugar can be done with the acid catalyst, the 
combination of acid and enzymes, and combination of enzymes and enzymes. The sugar is then fermented by 
microorganisms, such as yeast or bacteria into ethanol. Mays [5] reported that sweet potato can yield bio-ethanol of 
5.821 l/ha, while the crop can yield fresh tubers of 46.2 t/ha, particularly using improved varieties. Bio-ethanol 
process using starch-based materials include material preparation (peeling, washing, and grating), starch 
gelatinization and hydrolysis using acid, enzyme or both combination, followed by fermentation using yeast 
(Saccharomyces cerevisiae) or bacteria (Zymomonas mobilis) [6]. Putri et al. [7] who studied bio-ethanol production 
from sweetpotato using combination of acid and enzymatic hydrolysis obtained the highest reducing sugar (12.61% 
w/v) when used a combination of HCl and Aspergillus niger with the highest ethanol yield (46.17% v/v) after 72 h 
fermentation. In another study, maximum ethanol production from saccharified sweet potato flour (SSF) was 
obtained at 72h in co-culture fermentation. Ethanol production ability using co-culture (S. cerevisiae and 
Trichoderma sp.) was 65 % higher than the single culture of S. cerevisiae from un-saccharified sweet potato flour 
whereas ethanol concentration was almost similar in single (S. cerevisiae) culture fermentation using saccharified 
sweet potato flour. This saved considerable time and energy. In comparison to other crops, sweet potato could yield 
bio-ethanol 5 up to 6.4 kL per ha. These values were approximately similar to sugarcane (6.4 kL/ha) and relatively 
higher than cassava (4 kL/ha) and corn (2 kL/ha) (Figure 1), suggesting the promising use of sweet potato for bio-
ethanol production. The research result indicated that bio-ethanol production of sweet potato is 2-4 times more than 
sweet sorghum, potato and carrot. Sweet potato and sweet sorghum have the best potential for alcohol production 
(Table 3). While sweet potato had the greatest calculated alcohol yield per acre, sweet sorghum likely could have 
similar yield if more efficient extraction process was employed. Sweet sorghum filtrate does not require cooking and 
enzymatic treatment before fermentation. However, sweet potato could be stored while sorghum filtrate must be 
fermented within a few hours unless it is refrigerated or frozen which will be costly.  
 
 
 
     Fig. 1. Bio-ethanol production from corn, sugarcane,  
          cassava and sweetpotato in Alabama (Al) and 
   Maryland (Md) USA. [8]. 
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Table 3. Total crop yield and calculated alcohol yield of several  
                 carbohydrate producing crops [2].  
Crop Cultivars Yield (t/ha) 
Alcohol yield 
(l/ha)  
Sweet potato Jewel 42.6 5,821 
Jerusalem  Art Mammouth 30.7 4,69 
Sweet sorghum Meredian 71 72.8 2,196 
Potato Pontiac 22.6 1,830 
Sugar beet USH 20 31.4 1,640 
Folder Beet Mono Rosa 32.3 1,309 
       
Some countries has developed and produced bio-ethanol and bio-diesel. USA and Brazil produced 33.65 
million tons of bio-ethanol from corn. USA is also developing bio-diesel from soybean, while European countries 
produced bio-diesel from rapeseed oil. Brazil and India produced 66.197 million tons of ethanol from sugarcane. 
Indonesia and Malaysia produced bio-diesel from oil palm and The Phillippines developed bio-diesel from coconut. 
Brazil, Thailand and Indonesia also produced 13,172 million tons bio-ethanol from cassava. At present, most of bio-
ethanol produced in Indonesia uses cassava as the raw material. Usually, it takes 10 months to harvest cassava with 
35 t/ha fresh tuber and starch content less than 25%. The conversion rate 6.1 kg of fresh tuber of cassava to produce 
1 liter of bio-ethanol, while sweet potato might be higher (8 kg/l bio-ethanol with 4-5  months maturity,  fresh tuber 
yield of 20-25 t/ha and starch content of less than 20%. Even though cassava has higher starch content compared to 
sweet potato, but the maturity is longer, therefore producing ethanol from sweet potato more efficient compared to 
cassava.  
Sweet potato is plenty available in the Asia-Pacific regions, including Indonesia but commercial potential 
for fuel ethanol has not been fully explored. Being a cheap source of fermentable carbohydrate bio-resource, it could 
be employed for the production of fuel ethanol. With a growing fuel crisis in the USA and other countries, both 
developed and developing countries, it is crucial to produce fuels substitutes for petroleum. There are huge world-
wide opportunities for producing this bio-based fuel from crops, , that do not compete with crop resources needed to 
feed people. Currently, corn is the major crop being used in the USA to make bio-ethanol while Brazil, the world's 
largest producer of bio-ethanol derived from sugarcane. However, sweet potato can be the major crop for South 
Eastern states as the central producer areas.  Sweet potatoes can play a major role in bio-fuel production for other 
countries, like China which also has large production.   
 
5. Current situation of bio-ethanol production in Indonesia 
  
Currently, some big companies in Indonesia have produced bio-ethanol with varied capacity (Table 4), but 
mainly from molasses and cassava. This production yet can be improved and increased through the use  of other 
potential crops, like sweet potato which the harvested area can be extended to outside of Java and marginal areas. In 
order to support the production of bio-ethanol from sweet potato, several commitments must be followed such as: a. 
In line with program initiated by the president to revitalize agricultural products and instruction of Presiden 
no1/2006 about the use of bio-fuel as an alternative for BBM [1], b. To support government commitment on 
renewable fuel as part of Indonesian energy mixed stated in the Blue Print  Pengelolaan Energy Nasional (PEN), c. 
To reduce imported oil and to strengthen the fuel supply security and enlarge the resources of liquid fuel, d. To 
increase employment opportunities, e. To increase national capability on agricultural and industrial technologies, f. 
to increase the capability and volume of national capital equipment production, g. To reduce the trend of global 
warming and local air pollution in major cities,  h. To promote the multi potential use of local crops. 
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           Table 4. Production of bio-ethanol from 2006 to 2009 by several companies in Indonesia [9]. 
Year Company Location Capacity (kl) Total Supply (kl) 
2006 PT. Molindo Raya Jatim 10.000 10.000 
2007 BPPT Lampung 2.000 10.000 
2008 PT. Indo Lpg Destilery Lampung 20.000 - 
2008 PT.Medco Etanol  Lpg Lampung 22.000 - 
2008 PT. Molindo Raya Jatim 40.000 94.000 
2009 PT. Molindo Raya Lampung 40.000 - 
2009 PT. Etanol Indonesia Banten 35.000 - 
2009 Sampoerna Group - 60.000 229.000 
2010 PT.Ido Acida tama Lampung 50.000 279.000 
         
6. The prospects and challenges of sweet potato for bio-ethanol production 
 
Crops production is not   only used as   primary   source   of   human   foods   and animal feed,   but   can be 
also as source for bio-energy. In addition, crops have also an essential function to maintain ecological systems and 
natural environment. Recently, more crops are cultivated   for   non   food   use   such   as nutritional   products, 
pharmaceutical, and chemical   derivative   products. A lot of efforts have been put to grow crops for foods 
production in order to strengthen food security, and to alleviate the hunger and poverty particularly in developing   
countries.  However,   our   attention   should   also   be directed   toward   cultivation   of   crops   for non-food   use 
such as bio-ethanol. Bio-fuel has some advantages relative to conventional petroleum oil, i.e. more sustainable, 
renewable, non-toxic and bio-degradable. From previous explanation, it showed that sweet potato   is suitable 
commodity for bio-ethanol production due to common crops grown by farmers with particular cropping pattern in 
each producing area, cultivation and processing technologies are also available.  It has earlier maturity, lower cost 
production and can be harvested mechanically relative to cassava. On the other hand, sweet potato is also an 
important food crop as 85% of it’s production is consumed for foods and can be also used as functional food. Sweet 
potato is rich in carbohydrate, vitamins and minerals as well as pigments such as beta carotene and anthocyanin that 
have antioxidant activities giving health benefits. In addition, sweet potato is also a suitable ingredient to promote 
diversification of local food crops. Consequently, there will be a competition of using land both for human food and 
bio-ethanol industry. In order to anticipate this challenge, there should be a policy to establish certain areas for bio-
ethanol production purposes, particularly marginal soils and the fertile areas for food cultivation.  The states of 
Alabama and Maryland, USA experiences showed that if economical harvesting and processing techniques can be 
developed, sweet potato and cassava could give greater potential than corn as bio-ethanol sources. However, efforts 
to support sweet potato production and industries including bio-ethanol industries are needed, such as government 
policies for supporting the growth of the sweet potato industry, set forth related technical specifications, carry out 
research and improvements on post-harvest technology, improve product enterprises  and markets of products, 
equipments quality and environmental pollution. In order  to accelerate the development and commercialization of 
bio-fuel, a wide range of research and development and expertise in basic and applied science are needed including 
crop cultivation, processing and utilization technologies, to economics and life-cycle assessment. Sutanto [10] stated 
that bio-ethanol development need a moving motor and a huge capital to finance raw material cultivation either in 
term of land procurement, seeds, fertilizer and pesticide aspect. Big companies which do that operate in plantation 
and farm activities are expected to become a moving motor for this business due to high cost needed. Currently, bio-
ethanol is facing land availability, limited markets and the users itself. The use and commercialization of bio-ethanol 
in Indonesia perhaps could not be seen in the near future. This could be happen because unavailability of clear 
regulation and policy in this industry and standardization of material used that could give difficulties for 
entrepreneurs and industries for financing and running their business. Also lack of distribution network and 
infrastructure hamper the domestic market of bio-ethanol. As a consequence, most of bio-ethanol produced in 
Indonesia currently is directed for export market [9]. In Brazil, sweet potato had been used  bio-ethanol from sweet 
potato with maximum use of 15% [11]. 
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7. Conclusions 
 
It is likely that fuel production from agricultural crops will substitute up to 15% conventional fuel 
production and utilization practices in many regions, along with the limited and increased price of conventional 
fuels. Bio-ethanol from sweet potato promising to be used as petroleum substitute and it is more potential than 
cassava which is currently used in Indonesia by oil companies now. To support its development, selected cultivation 
techniques, high yielding improved varieties, processing technologies of sweet potato have been available. 
Minimizing the competition with existing sweet potato for food crops, sweet potato production for bio-ethanol 
should be placed in certain areas particularly marginal soils (different areas) and must be cultivated mechanically to 
reduce labor cost.  
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